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(54) Earth boring bit with 

eccentrically machined bearing 
pin 

(57) An earth boring bit (10) includes a 
bearing pin (18) upon which is mounted 
a cone cutter (14). The lower, bearing 
surface of the bearing pin (which is th 
surface which is loaded in use) includes 
a recess filled with a bearing metal (19) 
and is machined coaxial with the pin. 
The upper, non-loaded, surface of th 
pin is machined eccentric to the pin to 
provide a clearance which is large 
compared to that at the lower surface. 
This enables the lower surface to b 
machined to closely conform to the 
cutter bore (20) thereby increasing the 
loaded bearing area as compared with 
the prior art. 
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SPECIFICATION 

Earth boring bit with ccentrically machined bearing 
pin 

5 

The present invention relates In general to the art 
of earth boring and more particularly to a rotary rock 
bit with an improved bearing system. The present 
invention is especially adapted for use on that type 

10 or rotary rock bit popularly known as a three cone 
bit; however, its use is not restricted thereto and the 
bearing system of the present invention can be used 
in other earth boring bits wherein an improved bear- 
ing system is required. 

1 5 A three cone rotary rock bit is adapted to be con- 
nected as the lower member of a rotary drill string. 
As the drill string is rotated the bit disintegrates the 
formations to form an earth borehole. The three 
cone rotary rock bit includes three individual arms 

20 that extend angularly downward from the main body 
of the bit. The lower end of each arm is shaped to 
form a bearing pin or journal. A cone cutter is 
mounted upon each bearing pin and adapted to 
rotate thereon. The cone cutters include cutting 

25 structure on their outer surfaces that serves to disin- 
tegrate the formations as the bit is rotated. 

A rotary rock bit must operate under very severe 
environmental conditions and the size and geometry 
of the bit is restricted by the operating characteris- 

30 tics. At the same time, the economics of petroleum 
production demand a longer lifetime and improved 
performance from the bit. In attempting to provide 
an improved bit, new and improved materials have 
been developed for the cutting structure of the cone 

35 cutters thereby providing a longer useful lifetime for 
the cone cutters. This has resulted in the bearing 
systems being generally the first to fail during the 
drilling operation. Consequently, a need exists for 
improved bearing systems to extend the useful 

40 lifetime of the bit. 

In U.S. Patent No. 3,746,405 to Russell L Welton, a 
well drilling bit lubrication system and seal is shown. 
A journal bearing lubrication means and a seal 
cooperatively combined therewith to maintain lubri- 

45 cation throughout the useful life of the roller cutter of 
a well drilling bit, to the exclusion of foreign materi- 
als entering therein from the drilling fluids and sur- 
rounding earth formations. A journal bearing of right 
cylinder form is provided, characterized by thefor- 

50 mation of a strategically placed recess or recesses 
therein and all without subtracting from the load car- 
rying capabilities of the bit, the assembly being 
retained in working condition by a single element 
combined with the lubrication means and assuring 

55 proper axial placement of the roller cutter. 

In U.S. Patent No. 3,890,018 to Robert D. Clamon, a 
rotary rock bit with a wip r pad lubrication system is 
shown. A system is provided for circulating lubricant 
into the loaded contact ar a between th bearing pin 

60 and the rotating cutt rof an earth boring bit. The 
cutter is mounted to rotate about the b aring pin. 
The cutt r includes a cutter int rior surface. At I ast 
one wiper pad cavity is located in the aforemen- 
tioned interi r surface f the cutter. A wiper pad is 

65 positioned in th wip r pad cavity and a resilient 



memb r is positioned beneath the wip r pad. As the 
cutt r rotates, the wiper pad forces lubricant into the 
load ar a between the bearing pin and the interior 
surface of the cutter. 

70 In U.S. Patent No. 4,061 ,376 to Arthur A. Villaloboz, 
a rock bit bearing structure is shown. A rock bit has a 
rotary cutter cone journal ed on a fixed journal bear- 
ing shaft with the radial load being taken by a cylin- 
drical journal bearing. The friction bearing portion of 

75 the fixed shaft has a groove extending around th 
periphery of the shaft The groove is filled with a 
bearing metal over an arc on the lower load bearing 
fraction of the shaft. The remaining unfilled portion 
of the groove is connected through a lubricant sup- 

80 ply passage in the bit body with a pressure- 
compensated grease reservoir in the bit body to 
supply lubrication to the journal bearing. 

According to the present invention there is pro- 
vided a method of constructing a rotary earth boring 

85 bit, comprising: providing a cantilevered bearing pin 
on said bit, said bearing pin having a central axis; 
forming a load surface on the bearing pin substan- 
tially coaxial with the central axis of the bearing pin; 
and forming unloaded surface on the bearing pin 

90 eccentric to the central axis of the bearing pin. 

Also according to the present invention there is 
provided a rotary earth boring bit, comprising: a bit 
body; at least one bearing bit extending from said bit 
body, said bearing pin having a central axis; a rolling 

95 cone cutter rotatably mounted on said bearing pin; a 
loaded bearing surface on said bearing pin substan- 
tially co-axial with said central axis; and an unload d 
surface on said bearing pin eccentric to said central 
axis. 

100 The invention will be better understood from the 
following description of a preferred embodiment 
thereof, given by way of example only, reference 
being had to the accompanying drawing, wherein: 
FIGURE 1 illustrates one arm of an embodiment of 

1 05 rotary bit constructed in accordance with the present 
invention; and 

FIGURE 2 is a sectional view of the bearing pin and 
a superimposed view of the rolling cone cutter of the 
bit shown in Figure 1. 

1 1 0 Referring now to the drawing and to Figure 1 in 
particular, illustrated therein and generally desig- 
nated by the reference number 10 is a three cone 
sealed bearing rotary rock bit. The bit 10 includes a 
bit body 11, including an upper threaded portion 12. 

1 1 5 The threaded portion 1 2 allows the bit 10 to be con- 
nected to the lower end of a rotary drill string (not 
shown). Depending from the bit body 1 1 are three 
substantially identical arms with only the arm 13 
being shown in Figure 1 . The lower end of each of 

1 20 the arms is provided with an extended bearing pin 
comprising a journal portion and the details of the 
journal portion will be discussed subsequ ntly. 
Thre rotary cone cutt rs are rotatably position don 
th r spective three bearing pins extending from the 

125 arms. The cutter 14 is shown in Figure 1. Each of the 
cutt rs includes cutting structure on its outer surface 
adapt d to disintegrate formations as the bit 1 0 is 
rotat d and moved downward. The cutting structure 
is shown in the form of tungsten carbid inserts 15. 

130 How v r, itistobeundersto dthatoth r cutting 
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structures such as ste I teeth may be used as a cut- 
ting structur on the con cutters. 

The bit 10 includes a central passageway extend- 
ing along the central axis of body 1 1 to allow drilling 

5 fluid to ent r from the upp r section of the drill string 
(not shown) immediately above and pass downward 
through jet nozzles past the cone cutters. In use, the 
bit 10 is connected as the lower member of a rotary 
drill string (not shown) and lowered into the well 

1 0 bore until the cone cutters engage the bottom of the 
well bore. Upon engagement with the bottom of the 
well bore, the drill string is rotated, rotating bit 10 
therewith. Drilling fluid is forced down through the 
interior passage of the rotary drill string by mud 

15 pumps located at the surface. The drilling fluid con- 
tinues through the central passageway of bit 1 0, 
passing through the nozzles past the cutting struc- 
ture of the cutters to the bottom of the well bore, 
thence upward in the annulus between the rotary 

20 drill string and the wall of the well bore, carrying 
with it the cuttings and debris from the drilling oper- 
ation. 

The bearing system of the bit must insure free 
rotation of the cone cutters under the severe drilling 

25 environmental conditions. The preferred embodi- 
ment of the present invention provides an earth bor- 
ing bit with a long lifetime and that will withstand the 
conditions encountered in drilling a deep well. The 
elongated lower portion of arm 13 forms the bearing 

30 pin 18 comprising a journal portion and the rotatable 
cutter 14 is mounted upon the journal portion. 
Reduced clearance is provided between the cutter 
and the bearing pin, enabling the load to be distru- 
buted over a greater area. This spreads the load from 

35 a line contact to a wider surface to reduce unit load, 
resulting in reduced wear upon the journal. The 
spreading of the load will reduce the heat generated 
by the bearing and reduce disintegration of grease 
which may be the cause of extreme pressure in bear- 

40 ing and resulting deleterious effects. The reduced 
clearance between the journal and the cutter will 
have a cushioning, or shock absorbing, effect bet- 
ween the surfaces in contact during the rough verti- 
cal vibration of drilling. The prior art bearings cause 

45 the journal and cutter to run eccentrically, resulting 
in excessive squeezing of the rubber O-ring in the 
loaded area and reduced, possibly insufficient 
squeeze In the unloaded area of the journal, in the 
preferred embodiment of the present invention the 

50 journal centerline and cutter centerline coincide and 
produce more evenly distributed squeeze on the 
O-ring seal. The unloaded portion of the bearing pin 
includes an eccentrically machined section. The 
unloaded portion of the bearing pin is thereby pro- 

55 vided with greater clearance to enhance distribution 
of the lubricant 

A series of ball bearings (not shown) that bridge 
between raceways 16 and 17 insure that rotatable 
cutter 14 is rotatably locked on bearing pin 18. The 

60 r tatable cutt r 14 is positioned upon bearing pin 18 
and the series of ball bearings inserted through a 
bor ext nding into arm 13. After the ball b arings 
are in place, a plug is inserted in the bore and w Ided 
th r in. A flexible s al 9 forms as alb twee n cutter 

65 14 and b a ring pin 18 to prevent loss of lubricant or 



contamination of th lubricant from materials in the 
well bore. The outer porti n of the bearing pin 18 
includes a recess on the load side of the b aring pin 
18. This r cess is filled with a hard metal bearing 
70 material. The outer portion of bearing pin 18 coop r- 
ates with the outer bearing surface portion 20 on the 
inside of cutter 14. 

One of the prior art rock bit sealing problems 
involves the clearance between the journal and cut- 
75 ter. When the bit is loaded on the bottom of the 
borehole with the underside of the journal in contact 
with the cutter, all the clearance is on the unloaded 
side of the bearing; thus, increasing O-ring squeez 
in the loaded area and reducing O-ring squeeze in 
80 the unloaded area. In the illustrated bit the cone cut- 
ter is caused to run concentrically and this equalizes 
squeeze on the O-ring. The lower,. load bearing sur- 
face of the journals caused to run concentrically 
with the seal gland (cylindrical) of the cone cutter, 
85 thus, causing equalized squeeze on the O-ring seal at 
both the upper, unloaded and the loaded areas of the 
bearing. 

Referring now to Figure 2, a sectional view of bear- 
ing pin 18 is shown. The recess 21 is cut in the jour- 
90 nal portion of bearing pin 18. Bearing material 19 is 
applied in the recess 21 and machined to coincide 
with the journal surface on the load side of the jour- 
nal. A space 24 for lubricant is provided on the upper 
unloaded side of the bearing pin 18. The central axis 
95 22 of the load side of the bearing pin 18 and the 
central axis 23 of the unloaded side of the bearing 
pin 18 are offset. The load side of the journal con- 
forms closely with the contour of the cone bearing 
and provides greater load bearing contact area for 

100 longer bearing life. Reduced clearance provided 
between the cutter 14 and journal 18 around the 
lower half of the journal 18 supports the journal over 
an area approaching the projected diametral area of 
the journal 18. The necessary clearance between the 

105 two members is obtained by offset grinding or 

machining the upper half of journal 1 8. This spreads 
the load from line contact to a wider surface to 
reduce unit load resulting in reduced wear upon the 
journal. The spreading of the load will reduce the 

1 10 heat generated by the bearing and reduce disinteg- 
ration of grease which may be the cause of extreme 
pressure in prior art bearings. The reduced clearanc 
between the journal and the cutter will have a cush- 
ioning, or shock absorbing, effect between the sur- 

115 faces in contact during the rough vertical vibration of 
drilling. 

The structural details of an earth boring bit 10 hav- 
ing been described, the construction of the bit 10 will s 
now be considered with reference to Figures 1 and 2. 

120 The recess 21 is cut in the journal portion of bearing 
pin 18. Bearing mat rial 19 is applied in the recess , 
21. The bearing mat rial 19 is ground or machined to 
coincide with the journal surface on the load side of 
the journal. The grinding or machining of the load 

125 side and unloaded side of the journal is accomp- 
lished about axes 22 and 23 respectiv ly. This pro- 
vides a radius R n for the load side of the j urnal and a 
radius R 2 forth unloaded side of th journal. The 
radii ^ and R 2 may b equal, however, it is to be 

130 noted that the axes 22 and 23 of radii H A and R 2 
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respectively are offset. The offset is preferably sub- 
stantially 0.127 mm providing a 0.0254 mm to 0.1778 
mm clearance in the space 24. Th central axis of the 
bearing pin 18 is located at the axis 22. The forego- 

5 ing provides reduc d cl a ranee between the cone 
cutter and the loaded area of the journal, enabling 
the load to be distributed over a greater area. The 
clearance on the load side is preferably substantially 
0.0254 mm. The unloaded portion of the journal is 

10 provided with greater clearance to enhance distribu- 
tion of the lubricant and to provide necessary clear- 
ance to prevent seizure between journal and cutter. 

The preferred embodiment of the present inven- 
tion improves the sealing effect of O-ring seal 9. The 

15 prior art bearings cause the journal and cutter to run 
eccentrically, resulting in excessive squeezing of the 
rubber O-ring in the loaded area and reduced, poss- 
ibly, insufficient squeeze in the unloaded area of the 
journal. The preferred embodiment of the present 

20 invention allows the journal 18 centerline and cutter 
14 centerline to coincide and produce more evenly 
distributed squeeze on the O-ring seal. The lifetime 
and performance of the O-ring seal will be extended 
because of the improved even loading. 

25 CLAIMS 

1 . A method of constructing a rotary earth boring 
bit, comprising: providing a cantilevered bearing pin 
on said bit, said bearing pin having a central axis; 
forming a load surface on the bearing pin substan- 

30 tially coaxial with the central axis of the bearing pin; 
and forming unloaded surface on the bearing pin 
eccentric to the central axis of the bearing pin. 

2. The method of constructing a rotary earth bor- 
ing bit of claim 1 including the steps of: providing a 

35 recess in the load surface on the bearing pin; filling 
the recess with bearing material; and machining 
said bearing material to coincide with the load sur- 
face. 

3. The method of constructing a rotary earth bor- 
40 ing bit of claim 1 or claim 2 including the steps of: 

mounting a rolling cutter upon said bearing pin with 
reduced clearance between said rolling cutter and 
said load surface and increased clearance between 
said rolling cutter and said unloaded surface. 

45 4. The method of constructing a rotary earth bor- 
ing bit of claim 3 including the steps of : mounting 
an O-ring seal between said bearing pin and said 
rolling cutter so that said O-ring is substantially 
evenly squeezed during operation. 

50 5. A rotary earth boring bit, comprising: a bit 
body; at least one bearing pin extending from said 
bit body, said bearing pin having a central axis; a 
rolling cone cutter rotatably mounted on said bear- 
ing pin; a loaded bearing surface on said bearing pin 

55 substantially co-axial with said central axis; and an 
unloaded surface on said bearing pin eccentric to 
said central axis. 

6. A rotary earth boring bit according to claim 5 
wherein a seal is positioned betw n said bearing 

60 pin and said rolling con cutter co-axial with said 
central axis such that it is substantially v nly 
squeez d during p ration of said bit 

7. A rotary arth boring bit according to claim 5 
or claim 6 including a recess in said loaded b aring 

65 surface and a bearing material filling said r cess. 



8. A rotary arth boring bit according to any f 
claims 5 to 7 wherein both said loaded bearing sur- 
face and said unloaded surface are defined in trans- 
verse cross-section by circular arcs, the centres of 

70 said arcs b ing offset fr m each other. 

9. A rotary earth boring bit according to claim 8 
wherein said centres are offset from each other by 
substantially 0.127 mm. 

10. A rotary earth boring bit according to any of 
75 claims 7 to 9 wherein bearing surface of the rolling 

cone cutter which cooperates with the loaded bear- 
ing surface of the bearing pin has a contour which 
closely conforms to the contour of the loaded bear- 
ing surface of the bearing pin. 
80 11. A rotary earth boring bit according to claim 
10 wherein the working clearance at the loaded bear- 
ing surface is substantially 0.0254 mm and the clear- 
ance at the unloaded surface is 0.0254 mm to 0.1778 
mm. 

85 12. A method of constructing a rotary earth bor- 
ing bit, substantially as hereinbefore described with 
reference to the accompanying drawings. 

13. A rotary earth boring bit, substantially as 
hereinbefore described with reference to and as 

90 shown in the accompanying drawings. 
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